Abstract -Fe films have been ooposited by ion beam sputtering. The sputtering voltage, Vs was varied in the range of 300-1800 V. The Vs dependence of the properties of the Fe films and the energy / the number of the energetic particles, such as the sputtered atoms and the recoiled Ar ions have been investigated in detail.
I . INTRODUCTION
In perpendicular magnetic recording Co-Cr media, soft magnetic backlayers have been mainly prepared using NiFe films to improve the recording sensitivity and the stability of recorded bit [I] . The backlayer noise increased with increasing backlayer thickness [2] . In order to decrease the thickness, the films with the high saturation magnetization for the backlayer were required Therefore, pure Fe films with the high saturation magnetization are available material as the backlayer ofCo-Crmedia instead of NiFe ones. However,Fe films were not sufficiently used for backlayer because magnetic properties of these films depended significantly on the process of film preparation [3] [4] .
Taking preparation of Fe films by sputtering into the consideration, their structures and properties ought to depend on the energy of the arriving particles to the substrate. However, the relationship between the energy of these and the sputtering condition was not reported. It should be necessary to fine the quantity of these energy and number.
So, in this study, the energy / number of the sputtered atoms and the recoiled Ar were estimated using the MonteCarlo simulation TRIM [5] . Fe films have been deposited using an ion beam sputtering with a feature of plasma-free and good controllability. IT. EXPERIMENT
90
The Fe films were ooposited on water-cooled glass substrates by ion beam sputtering with a Kaufman type ion source. The target was an Fe disk of 99.9% purity. Pure Ar gas was introduced into the sputtering ion source up to a pressure of3.6X 10.
3 Pa, with a gas flow rate of 2 sccm. The mean free path at the gas pressure was about 2 m. The distance between the target and substrate was 20 cm. Therefore, the collisions between the Ar gas and sputtered atoms was thoroughly neglected The sputtering voltage Vs was varied in the range between 300 and 1800 V. The current of the sputtering ion beam was fixed at 50 mA. Film thickness was approximate 300-350 nm. Structure of the films was characterized by X-ray diffractmetry and scanning electron microscopy (SEM). The saturation magnetization 4nMs and thecoercivity He were measured using a vibrating sample magnetometer (VSM). 
A. Simulation results
Fig . 2 shows the Vs dependence of the average energy Es of the sputtered atoms and the ratio in arrival rate RA of the recoiled Arions to the sputtered Fe atoms. Es monotonically increased from 20 to 60 eV with an increase of Vs' RA gradually decreasedfrom 0.24 to 0.07 with an increase of Vs' Fig. 3 shows the Vs dependence of the average energy ER of the recoiledArions. ER increased in proportion to an increase of Vs. ER also monotonically increased from 50 to 370 eVin proportion to Vs in the range between 300 and 1800 e V. The variation of ER was larger than that ofEs. Especially, at Vs of 1800 V, the film surface was bombarded with the recoiledAr ions at ER of 380 eV in RA of 0.07. It seems that the bombarding effect by the recoiledAr ions is very serious for the growing Fe films. Fig. 4 shows the Vs dependence of the deposition rate R DThe measured values of RD was also plotted in this figure. The calculated RD linearly increased with an increasing Vs. On the other hand, the measured RD was saturated at Vs of 900 V. The difference between the calculated RD and the measured one may be due to the resputtering by the recoiledAr ions to the substrate. Because the energy of the recoiled Ar ions was high enough to sputter at the film surface. The decrease of approximate 1()"'20 % in RD was supposed from RA and the sputtering yield of Fe at ER' The Fe film at Vs of300 V was observed the oblique grain boundaries shown the line in Fig. 5 (a) . The grain boundaries near the substrate was parallel to the incident direction of the sputtered atoms. As the grain boundaries approached the surface, those were perpendicular to the film surface. The grain boundaries appeared because the adatom diffusion of the film was insufficient to overcome the effects of shadowing.
On the other hand, at Vs of 1200 V, the cross section of the film shows a teared appearance all over the fractured section. The film had a columnar structure. At Vs of 1800 V, the film had a spherical grain rather than a columnar one. The oblique grain boundaries were not observed at Vs of 1200 and 1800 V. The teared appearance at Vs of 1200 V suggests that the columnar particles of the film strongly combined each other and the structure of the film consisted of a rense columnar particles without voided boundaries.
These results show as follows: The bombardment of the recoiled Ar ions increased the mobility of adatom and vanished the oblique grain boundary. The bombardment of the higher energy caused the recrystallization of the films as shown the structure zone morel [6] . An increase of ER was increased a parameter of (T/Tm) using the morel, where T was the substrate temperature and Tm was the coatingmaterial melting point. The bombardment of the recoiled Ar may raise the local temperature of the films. 
N. CONCLUSION
The change of the sputtering voltage was related to the energy of the recoiled Ar ions from the target surface. The bombardment of the high energy recoiled Ar ions changed the microstructure and the magnetic properties of the films. The dense films with the large saturation magnetization were deposited at Vs higher than 600 V, namely, at ER higher than 120 eV.
In orrer to prepare the Fe films with the good soft magnetic properties of the backlayer for perpendicular magnetic recording, it was useful to deposit the films with the bombardment by the recoiledAr ions ofthe high energy.
